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SUMMARY 
Part iculate  hydrocarbon concentrat ions were measured i n  94 w a t e r  samples 
from t h e  1980 Superflux I1 and BAPLEX c ru i se s .  The concentrations  ranged 
from  below the  de t ec t ion  l i m i t  (>0.7 ug/!?,) t o  32 pg/R. The  mean f o r  a l l  
samples w a s  5.6 pgl!?,. Part iculate  hydrocarbon concentrat ions are higher  
i n  t h e  Bay mouth and lower in  the  she l f  wa te r s  ad jacen t  t o  the  en t rance  of 
Chesapeake Bay. N o  coherent  par t icu la te  hydrocarbon d is t r ibu t ion  is  seen with 
depth in  the water  column. The Bay is  pos tu la ted  as one of the  poss ib le  chronic  
sources  of par t icu la te  hydrocarbons  for  the  ad jacent  she l f  waters. Addit ional  
research on the sources of particulate hydrocarbons and the  processes  a f fec t ing  
their  temporal  and s p a t i a l  d i s t r i b u t i o n  is  needed i n  o r d e r  t o  f u r t h e r  e v a l u a t e  
t h i s  p o s t u l a t i o n .  
INTRODUCTION 
The object ive of  this  prel iminary s tudy was t o  measure concentrations of 
pa r t i cu la t e  hydroca rbons  a t  s e l ec t ed  s t a t ions  ad jacen t  t o  the  en t r ance  o f  t he  
Chesapeake Bay. This work supports   the NOAA-NASA program en t i t l ed   Supe r f lux .  
The objec t ives  of Superf lux  are  t o  determine  the  character is t ics   of  plumes 
and contents  of plumes in f luenc ing  l i v ing  r e sources  in  she l f  wa te r s  and t o  
determine the extent  to  which t h e s e  c h a r a c t e r i s t i c s  and influences can be 
sensed  remotely. The par t iculate  hydrocarbon concentrat ion of  plumes w a s  
measured. An attempt was made to  determine  if   the  outwelling  of  Chesapeake 
Bay contains hydrocarbons which may adverse ly  inf luence  the  l iv ing  resources  
in  she l f  wa te r s .  
Petroleum hydrocarbons are entering the marine environment a t  a r a t e  of 
approximately 6 mil l ion  metr ic   tons  annual ly  (MTA) ( r e f .  1). The most 
publ ic ized  inputs  come from tanker  acc idents ,  bu t  th i s  source  accounts  for  
on ly  4 .9  percent  of  the  to ta l  input  ( re f .  1). A s ign i f i can t  po r t ion  o f  t he  
annual input (13 percent) i s  added d i rec t ly  to  the  coas ta l  envi ronment  from 
sewage t r e a t m e n t   p l a n t s ,   c o a s t a l   r e f i n e r i e s ,  and coas t a l   i ndus t r i e s .  Another 
s u b s t a n t i a l  p o r t i o n  of the annual  input  (31 percent)  i s  from r i v e r  and urban 
runoff ,  which may eventually reach the marine environment (ref.  1) . 
Detailed examination of wastewater t r ea tmen t  p l an t s  shows t h a t  t h e s e  
f a c i l i t i e s  may con t r ibu te  a quant i ty  of  hydrocarbons equal  to  that  enter ing 
from d i r e c t  o i l  s p i l l s  ( r e f .  2 ) .  Hydrocarbons  discharged  from  wastewater 
t rea tment  p lan ts  are predominantly (95 percent) associated with suspended 
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material and about half of t h i s  i n p u t  i s  removed t o  the  sed iment  in  the  v ic in i ty  
of  the  d ischarge ;  the  o ther  ha l f  is  t ranspor ted  away from t h e  d i s c h a r g e  s i t e  
( r e f .  2 ) .  
The association of petroleum hydrocarbons and sediment appears to be 
r e l a t e d  t o  g r a i n  s i z e  c h a r a c t e r i s t i c s .  P a r t i c l e s  smaller than 44  pm adsorb 
more hydrocarbons on a weight basis than do  sed iment  par t ic les  la rger  than  
44 pm ( r e f s .  3 and 4 ) .  The interaction of petroleum hydrocarbons with very 
fine-grained sediment may form neutral ly  buoyant  aggregates .  Both of  these 
processes  favor  dispersal  over  sedimentat ion of hydrocarbons. 
Chesapeake Bay experienced numerous chronic inputs of anthropogenic 
hydrocarbons similar t o  those  outlined  above.  These  hydrocarbons may be 
depos i ted  near  the i r  source  of i n p u t ,  o r  may be adsorbed t o  suspended materials 
and t r anspor t ed  to  the  open  ocean.  These  hydrocarbons may adve r se ly  a f f ec t  
the open ocean ecosystem. 
MATERIALS AND METHODS 
I 
This  research required col lect ion and analyses  of  water samples f o r  
par t iculate  hydrocarbon concentrat ions.  A t o t a l  of 92 samples were co l l ec t ed  
during  Superflux I1 cruises   aboard  the NOAA s h i p s  Delaware I1 (June 1 7  t o  
June  23,  1980)  and  Kelez  (June 24 t o  June 27 ,  1980) f o r  hydrocarbon  analyses. 
Bay Plume Experiment, or BAPLEX, i s  an ongoing program involving several 
r e s e a r c h e r s  i n  t h e  Department of Oceanography a t  Old Dominion Universi ty .  
BAPLEX da ta  are inc luded  in  th i s  paper  to  provide  addi t iona l  in format ion  
regarding the characterist ics of water masses a t  t he  mouth of Chesapeake 
Bay. A t o t a l  of  seven samples were co l lec ted   dur ing  BAPLEX cruises  aboard 
the  R/V Holton (June 19 and June 24 ,  1980) . 
The hydrocarbon analyses were performed using accepted methods and 
included analyses  of  procedural  blanks and s tandards.  The a n a l y t i c a l  
techniques have been descr ibed in  detai l  e lsewhere (refs .  4 and 5 ) .  Samples 
cons i s t ing  of approximately 16 2 of seawater were f i l t e r ed  th rough  p re ign i t ed  
Gelman A/E g l a s s  f i b e r  f i l t e r s  and a re  the re fo re  ope ra t iona l ly  de f ined  a s  
p a r t i c u l a t e s .  The f i l t e r ,  a l o n g  w i t h  t h e  r e t a i n e d  m a t e r i a l ,  w a s  saponif ied/  
extracted under  ref lux.  The hydrocarbons in the saponification mixture were 
pa r t i t i oned  in to  the  o rgan ic  phase  by addition of dichloromethane. After 
removing the dichloromethane the residue w a s  eluted through an alumina-sil ic 
ac id  column to separate  the hydrocarbons from other  organics .  The hydrocarbon 
f r a c t i o n  w a s  then analyzed on a Hewlett Packard 5830 gas chromatograph (GC) 
equipped with a 25 M me thy l s i l i cone ,  fu sed  s i l i ca ,  WCOT, c a p i l l a r y  column. 
Analyses were done by temperature programming from 80° t o  270° C a t  100 C min. 
The areas of the resolved peaks and unresolved complex mixture were measured 
by planimetry. Comparison  of the  areas of the resolved and unresolved peaks 
and unresolved complex mixture t o  t h e  a r e a  of the internal  s tandards al lowed 
f o r  q u a n t i t a t i v e  measurement of the amount of hydrocarbon present. 
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r; RESULTS AND DISCUSSION 
Sampling da te s  and loca t ions  for  Super f lux  I1 and BAPLEX c r u i s e s  are 
shown in-   re fe rence  6 .  The Superf lux I1 samples were co l l ec t ed  mer a 10-day 
period (June 1 7  to  June  27, 1980) and a t  random s t ages  du r ing  the  t i da l  cyc le .  
BAPLEX samples  provide relat ively synopt ic  data  as a l l  samples except one 
were co l l ec t ed  wi th in  a 2-hour window during ebbing t ide.  
Procedural blanks were analyzed per iodical ly  t o  determine background 
l e v e l s  of hydrocarbons. A l l  sample concentrations reported here have been 
cor rec ted  for  the  concent ra t ions  found in  the  procedura l  b lanks .  A standard 
n-alkane mixture w a s  i n j e c t e d  d a i l y  t o  i n s u r e  t h a t  t h e  GC w a s  opera t ing  
proper ly .  Analyses  of  the  sh ips '  fue l  o i l s  ind ica t ed  tha t  t hey  are not  a 
major source of hydrocarbons found i n  t hese  samples. 
When o i l  enters the environment it can undergo many complex r eac t ions  
col lect ively  cal led  weather ing.   Weather ing  react ions,   including  evaporat ion,  
dissolut ion,  photochemical  oxidat ion,  microbial  degradat ion,  and adsorpt ion.  
The extent of weathering reactions depends upon the environmental  conditions 
tha t  t he  o i l  encoun te r s ,  such  as temperature,  wind speed ,  cur ren t  ve loc i ty ,  
microbes  present  and type and s i te  o f  p a r t i c l e s  p r e s e n t  ( r e f .  1). The o v e r a l l  
r e s u l t  of weathering i s  p r e f e r e n t i a l  loss of  specif ic  hydrocarbons (ref .  1). 
Samples from Superflux I1 and BAPLEX c r u i s e s  show GC p a t t e r n s   c h a r a c t e r i s t i c  
of weathered oils,  indicating that they have been in the marine environment 
f o r  a few days or  longer .  
Particulate hydrocarbon concentrations were measured i n  87 Superflux I1 
and 7 BAPLEX samples. The r e s u l t s  are summarized i n   t a b l e  1. Total 
par t iculate   hydrocarbon  concentrat ions  for   Superf lux I1 samples  ranged  from 
below the  de t ec t ion  l i m i t ,  <0.7 pg/R t o  32 pg/a, with a mean of 5 pg/R. 
Total   par t iculate   hydrocarbon  concentrat ions  for   the BAPLEX samples 
ranged  from 4 t o  20  .pg/R with a mean of 13 pg/R.  The nine surface samples 
co l l ec t ed  a t  s t a t i o n s  i n  t h e  Bay mouth ( BAPLEX s t a t i o n s  0 ,  1, 2 ,  3 and 4 
and Superflux I1 s t a t i o n s  800  and  801)  had a mean hydrocarbon  concentration 
of 15 pg/R, or approximately double the mean f o r  a l l  s u r f a c e  s t a t i o n s  
( 7  pg/R). Therefore ,  in  June 1980 t h e  mean sur face  concent ra t ion  of  par t icu la te  
hydrocarbons w a s  h i g h e s t  i n  t h e  Bay mouth and lower i n  t h e  s h e l f  waters 
ad jacen t  t o  the  en t r ance  o f  t he  Chesapeake Bay. 
Superflux I1 s t a t i o n  800 l - m  depth  par t iculate   hydrocarbon  concentrat ions 
measured  on  June 1 7  and 24, 1980, were 32 and 7 pg/R, r e spec t ive ly .  These 
samples were taken 1 week a p a r t  and a t  d i f f e r e n t  s t a g e s  o f  t h e  t i d a l  cyc le .  
N o  cons i s t en t  t r end  of hydrocarbon concentration w a s  s een  wi th  dep th  in  the  
water column. These f i n d i n g s  i n d i c a t e  t h a t  t h e  p r o c e s s e s  e f f e c t i n g  t h e  t r a n s -  
port ,  concentration and/or dispersal  of hydrocarbons with depth are 
very  complex. I n t e r p r e t a t i o n  of t h e  d a t a  is  complicated by, the long t i m e  
per iod  (10 days) and random t i d a l  s t a g e s  d u r i n g  which these samples were 
co l lec ted .  
L i t e ra tu re  va lues  fo r  pa r t i cu la t e  hydroca rbon  concen t r a t ions  r ange  from 
1 . 3  t o  4 pg/R i n  t h e  Gulf of St. Lawrence ( r e f .  71, 16 t o  40 pg/R near a spil l  
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i n  Chedabucto Bay ( r e f .  8) and 0 t o  4 pg/% 1 y e a r  a f t e r  t h a t  s p i l l  ( r e f .  9) .  
Thus, the range of  par t iculate  hydrocarbon concentrat ions found during this  
study (<0.7 t o  32 pg/%) w a s  of t h e  same order  of magnitude as samples 
c o l l e c t e d  f o r  o t h e r  c o a s t a l  areas. 
Total hydrocarbon concentrations of surface water samples c o l l e c t e d  i n  
October 1973 from s h e l f  waters a d j a c e n t  t o  Chesapeake Bay ranged from 39 t o  
56 pg/% ( r e f .  l o ) .  Hydrocarbons were also p r e s e n t  i n  samples co l l ec t ed  on 
Superflux I1 c r u i s e s   i n   J u n e  1980.  Other  data  from  the  Superflux I1 
c r u i s e  s u g g e s t  t h a t  p a r t i c u l a t e  m a t e r i a l s  o r i g i n a t i n g  i n  Chesapeake Bay a r e  
t r anspor t ed  to  the  ad jacen t  she l f  wa te r s  ( r e f .  11). This  evidence  suggests 
t ha t  t he  ou twe l l ing  of Chesapeake Bay  may provide a chronic  input  of anthropo- 
genic hydrocarbons t o  the  ad jacent  she l f  waters .  
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TABLE 1.- HYDROCARBON CONCENTRATIONS 
-. -" " - . . - - 
Concent ra t ion  ( b g / i )  
Samples Number Range Me an 
~~ ~ ~ ~. " ~ 
Superf lux  I1 87 >0.7 to 32 5.0 
BAPLEX 7 4 . 1   t o  20 13.4 
Surface a 43 >0.7 t o  3 2  6.6 
9 4 .1  to 32 15.0 Surface-bay entrance b 
- . . ." 
a = A l l  s u r f a c e  (>1 m) samples co l l ec t ed   f rom  Supe r f lux  I1 o r  BAPLEX 
b = Surface  samples for  Chesapeake Bay en t r ance  (see t e x t )  
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